JEuropilsches Patontamt 
European Patent Office 
Office europten des brevets 



© Publication number: 



0 212 559 

A2 



® EUROPEAN PATENT APPLICATION 

® Application number: 86111174.8 © IniCL*: C 08 K 13/02, C 08 L 27/06 

<& Date of filing: 12.08.86 // (C08K13/02, 3:24, 5:34) 



® 


Priority: 13.08.85 JP 178323/85 




Applicant: ADEKA ARGUS CHEMICAL CO., Ltd., 
5-2-13 ShlrehaU, Umm City, SaKama Pref ecture (JP) 






© 


Inventor: Uzuka, Srojnlchi, 26-26 Misonocbo, 
Tatebayaah! City Qurana (JP) 
Inventor: Sakamaki, YosWyuki, AsahM>laza 
B-204 4-8 KamJshinden, Toyonaka aty Osaka (JP) 
^entoriSMmoyama, Nortyukl, 418-1, Shlkatabukuro, 
Urawa aty SaHama (JP) 


@ 


Date of publication of application: 04.03.87 
Bulletin 87/10 




@ 


Designated Contracting States: BE CH DE FR OB U NL 




Representative: Welnhold, Peter, Dr. at at, 
^^^i^^ O Dajmenberg Dr. P. Welnhold 
Or. D. Gitdel DipL-lng. S. Schubert Dr. P. Ban 
Siegfried, trasee 8, D-8000 M0nchen40 (DE) 



@> *™'k"composltlo W ^^^ 

© Polyvinyl chloride resin stabilizer compositions are pro- 
vided, comprising a 2,2,6,6-tetrarnethyl piperidinyl compound 
and an ammonium or metaJ perchlorate; and also stabilized po- 
lyvinyl chloride resin compositions containing such stabilizers. . 
and optionally including a plasticizer. and particularly as mold- 
ed articles with polyurethane foam backing. 
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Polyvinyl chloride resin articles molded with a 
polyureihane foam backing are used as interior components for 
automobiles, including instrument panels, glove compartments, 
door handles, and arm and head rests. Organotin mercaptides 
and barium-zinc carboxylases are the stabilisers normally used in 
such molded compositions. The use of perchlorate salts in a 
blend of polyvinyl chloride and polyurethane is disclosed in 
Japan Kokai No. 84-184240. 

However, these stabilizers do not impart sufficient 
resistance to deterioration when the moldings are exposed to 
ultraviolet light, and resistance to deterioration when heated even 
at relative* low temperatures is also poor. These problems 
are accentuated when the moldings are thin. Powder molding 
processes such as rotomolding, slush molding and flutdization 
dip molding are used to prepare thin skin molded articles from 
powdered polyvinyl chloride resins and in these processes a high 
heat stability is required. 

to accordance with the present invention, poryvinyl chloride 
resin compositions are provided having improved resistance to 
deterioration when exposed to heat and ultraviolet light, as well 
as anti-fogging properties, comprising a 2,2, 6, 6-tetramethyl 
piperidyl compound and an ammonium or metal perchlorate. 
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These polyvinyl chloride resin compositions are particularly useful 
for molding with a backing of polyurethane foam, and optionally can 
include a polyvinyl chloride resin plasticizer f as well as other 
polyvinyl chloride resin heat and light stabilizers. 

Accordingly, the invention also provides stabilizer compo- 
sitions for polyvinyl chloride resins conprising a 2,2,6,6-tetra- 
methyl piperidyl compound and an aimcnium or metal per chlorate, 
capable of improving the resistance of polyvinyl chloride resins to 
deterioration upon exposure to heat and ultraviolet light, as well 
as imparting anti-fogging properties to the resin composition . 

The metal perchlorate is an alkali metal, alkaline earth 
metal or aluminum salt of perchloric acid. Lithium, sodium, potas- 
sium, magnesium, calcium, strontium, barium, zinc and aluminum per- 
chlorates are all effective. The alkaline earth metal perchlorates 
are preferred. For the purposes of this invention magnesium is re- 
garded as an alkaline earth metal. The ammonium perchlorates include 
ammonium salts of perchloric acid, and the tertiary amine salts of 
perchlorid acid, such as triethyl amine perchlorate, trimethyl amine 
perchlorate, tripropylamine perchlorate, tributyl amine perchlorate7 
trihexyl amine perchlorate, ethy Idimethyl amine perchlorate, propyl- 
diethyl amine perchlorate and tricyclohexyl amine perchlorate. Also 
included are basic metal salts of inorganic acids in which part of 
the inorganic acid is perchlorid acid, such as the double salts of 
hydrotalcites and perchloric acid, for example, Mg Q ^ Al Q ^(OH^- 
(C0 3 )q 15 » 0.54 H 2 0 reacted with perchloric acid. 

The amount of perchlorate is within the range from about 
0.001 to about 3 parts, preferably from about 0.01 to about 2 parts, 
by weight per 100 parts by weight of polyvinyl chloride resin. 

The light stabilizer is any compound having a 2,2,6,6- 
tetramethyl piperidyl group 



02 12559 



A preferred class of 2,2,6,6-tetramethyl piperidyl can- 
pounds has the formula: 

[*•- -0-° ~T„* 

CH 3 CH 3 

wherein: 

R x is hydrogen or alkyl having f rem one to about eighteen 
carbon atoms 

R is a residue of a carboxylic acid having from one to 
about six carboxylic acid groups, of the formula 

Z ( ~ c ~ > m 
o 

where m is a number from one to six and selected fron the 

group consisting of alkylene, cycloalkylene, mixed alkylene-cyclc- 
alkylene, arylene and mixed alkylene-arylene having fron one to 
about thirty carbon atoms; and 

n is a number from one to six . 

Exemplary ^ alkyl include methyl, ethyl, propyl, isopropyl, 
butyl, isobutyl, tert.-butyl, amyl, isoamyl, hexyl, heptyl, octyl, 
.sooctyl, 2-ethylhexyl, nonyl, isononyl, decyl, dodecyl, mysistyl, 
palmityl and stearyl. 

Exanplary2alkylene include methylene, ethylene, propylene 
xscpropylene, butylene, isobutylene, amylene, isoamylene, hexylene, 
isohexylene, neopentylene, neohexylene, heptylene, cctylene, nonylene, 
decylene, dodecylene, octodecylene. 

Exemplary^cycloalkylene include cyclopentylene, cyclohexyl- 
ene, cycloheptylene, cyclcoctylene. 

Exemplary^arylene include phenylene and naphthylene. 

Exemplary mixed alkylene-cycloalkylene include methyl cycle- ' 
pentylene, dimethyl-cyclohexylene, trimethyl cyclohexalene and di- 
ethyl cyclohexylene. 

Exemplary?mixed alkylene arylene include phenmethylene, 
Phenethylene, xylylene, mesitylene, phenpropylene, and phenhexylene. 
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Exemplary 2, 2, 6, 6-tetramethyl piperidyl compounds 
include: 

1. 4-Benzoyloxy-2,2, 6, 6-tetramethylpiperidine 

"2 9 l-(3, 5-Di-t-butyl-4-hydroxyphenylpropionyloxyethyl) 
-4-(3, 5,di-t-butyl-4-hydroxyphenylpropionyloxy) - 
2, 2, 6, 6-tetramethylpiperidine 

3. 4-(3,5-Di-t-butyl-4-hydroxyphenylpropionyloxy)- 
2, 2, 6, 6-tetramethylpiperidine 

4. Bis(2, 2,6, 6-tetramethyl-4-piperidyl) sebacate 

5. Bis(l,2,2,6, 6-pentamethyl-4-piperidyl) sebacate 

6 . Bis(l, 2, 2, 6, 6-pentamethyl-4-piperidyl)-2-butyl-2- 
(3, 5-di-t-bulyl-4-hydraxybenzyl) malonate 

7. Bis(l-acryloyl-2,2, 6, 6-tetramethyl-4-piperidyl)-2- 
butyl-2-(3, 5-di-t-bulyl-4-hydroxybenzyl) malonate 

8. Bis(9-aza-8, 8,10, 10~tetramethyl-3-ethy 1-1,5- 
diaxaspiro [5.5] -3-undecylmethyl) methyliminodiacetate 

9 . Bis(2, 2, 6, 6-tetramethyl-4-piperidyl-l-oxyl) sebacate 

10. Tris(2, 2, 6, 6- tetiamethy 1-4 -piper idyl) citrate 

11. Tris(2, 2, 6, 6-tetramethyl-4-piperidyl) nitrilotriacetate 
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Tris(2, 2, 6, 6-tetramethyl-4-piperidyl) 
butanetricarbaxylate 

Tris(2, 2, 6* 6-tetramethyl-4-piperidyl) trimellitate 

Tetra(2, 2, 6, 6-tetramethyl-4 piperidyl) 
pyromellitate 

Tetra(2,2, 6, 6-letramethyl-4-piperidyl)-l, 3-bis 
(amtacmemyl)-cyclohexanetetraacetate 

Tetra(2, 2, 6, 6-tetramethyl-4 -piperidyl)-!, 2, 3, 4- 
butanetetracarbcacylate 

Tris(2, 2, 6, 6-tetramemyl-4-piperidyl)-mono 
(lsotridecyl)-l, 2, 3, 4-buianetetracarbaxylate 

Tetra(l,2,2, 6, 6 -pen tamethy 1-4 -piperidyl) -1,2, 3,4- 
butanetetraca rbosy late 

Tris(l, 2, 2, 6, 6-peniamethy 1-4 -piperidyl) -memo 
(isotridecyl)-l, 2, 3, 4-butanetetracarboxylate 

Bis(l,2, 2, 6, 6-pentamethyl-4-plpertdyl)-di 
(isotridecyl)-l, 2, 3, 4-butanetetracarbcncylate 

Bis(2, 2, 6, 6-tetramethyl-4-piperidyl)-di 
(isotrkJecyl)-l, 2, 3, 4-butanetetracarboxylate 

Bis(2, 2, 6, 6-tetramethyl-l-0Dc^l-4-piperidyl) -di 
(isotridecyl)-!, 2, 3, 4 -butanetetracarbootylate 

Mcno(l, 2, 2, 6, 6-pentamethyl-4-piperidyl)- 
m anomemy lsebacate 

3, 9-Bis(l, l-dimethyl-2-(tris(2, 2, 6, 6-tetramethyl- 
4-piperidyla^carboryl)butylcarbonyl<Ky)emyl)- 
2, 4, 8, 10-tetraaxaspiro [5 . 5] undecane 

3, 9-Bis(l, l-dimethyl-2-(tris(l, 2, 2, 6, 6-pentamethyl- 

4-piperidylasycarbonyl)butylcarbonyloj^)ethyl)- 

2, 4, 8, 10-tetraasasptro [5 . 5] undecane 

2,4, 6-Tris(2, 2, 6, 6-tetramethyl-4-piperidyloxy)- 
s-triazine 

2-Butylamino-4, 6-bis(9-azar8, 8, 10, 10- 
tetramethyl-3-ethyl-l, 5-dioxaspiro [5.5] -3- 
undecylmethoKy)-s-triazine 
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28. N,N T -Bis(4, 6-bis(9-aza-8, 8, 10, 10-tetramethyl- 
3-ethyl-l, 5-diaxaspiro [5.5] -3-undecylmethaxy) 
-s-triazine-2 ~yl) piperazine 

29. 1, 5, 8, 12-Tetrakis(4, 6-bis(N-(2, 2, 6, 6- 

5 tetramethyl-4-piperidyl)buty lamino) -1, 3, 5- 

triazine-2-yl)-l, 5, 8, 12-tetraazadodecane 

30. Bis(9-aza-8, 8, 10, 10-tetramethyl-3 -ethyl-1, 5- 
dioxaspiro [5.5] -3 -undecylmethyl) carbonate 

31. Bis(9-aza-8, 8, 10, 10- tetmn ethy 1-3 -ethyl- 1, 5- 
10 dioxaspiro [5 . 5] -3 -undecylmethyl) -hydrogenated 

Bisphenol A-dicarbonate 

32 . Bis(2, 2, 6, 6-tetramethyl-4-piperldyl)- 
pentaerythritol-diphosphite 

33. Bis(9-aza-8, 8, 10, 10-tetramethyl-3-ethyl-l, 5- 
15 dioxaspiro [5.5] -3 -undecylmethyl)- 

pentaerythritol-diphosphite 

~ 34 . Te tra(2, 2, 6, 6-tetraniethyl-4-piperidyl) -Bisphenol 
A -diphosphate 

35. 3, 5-Di t-butyl-4-hydraxybenzyl-bis(2, 2, 6, 6- 
20 tetramethyl-4-piperidyl) phosphonate 

36. Condensate of l-(2-hydraxyethyl)-2,2, 6, 6- 
tetiaxn ethy 1-4 -piper id inol with dimethyl succinate 

37. Condensate of 2 -t-octy lam ino-4, 6-dichloro-s- 
triazine with N, N T -bis(2, 2, 6, 6-tetramethyl-4- 

25 piperidyl) hexame thy lened iam ine 

38. Condensate of 1, 6-bis(2, 2, 6, 6-tetramethyl-4- 
piperidylamino)-hexane with dibromoe thane 

39. Bis(9-aza-8, 8, 10, lO-tetramethyl-3-hydraxymethyl- 
1, 5 -dioxaspiro [5.5] -3 -undecylmethyl) ether 

30 40. 3-Glycidyl-8-methyl-7, 7, 9, 9-tetramethyl-l, 3, 8- 

triazaspiro [4.5] decane-2,4-dione 

41. 3-Dodecyl-8-acetyl-7, 7, 9, 9 ietramethyl-1, 3, 8- 
triazaspiro [4.5] decane-2, 4 -diotie 




42 « 
43. 

44. 
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ri^ft 1 " 7 ' ? ' h 9 ; tetra n»eH»yl-l, 3, 8-triazaspiro 
[4.5] decane-2, 4-dione 

?s 2 i 4 i Jfe^.eftyl-T-oa-S, 20-diazadispiro 
l& . 1. 11. 2J heneicosane-21-one 

3-Dodecyl-l-(2, 2, 6, 64rtramethyl-4-piperidyl)- 
2,5-pyrroIidine-dioae 

The amount of 2, 2, 6, 6-tetramethyl piperidyl compound is 
within the range from about 0. 01 to about 3 parts, preferably 

from about 0.05 to about 1 part, by weight per 100 parts by 
10 weight of pofyvinyl chloride. 

The stabilizer compositions of the invention can be used 
as stabilizers with any polyvinyl chloride resin. The term 
"polyvinyl chloride" as used herein is inclusive of any polymer 
formed at least in part of the recurring group: 



X 
I 

-CH-C- 
I I 
CI X 



and having a chlorine Content in excess of 49%. lh this grouP) 
theX groups can each be eimer hydrogen or chlorine, m 

20 pofyvinyl chloride homopofymers, each of the X groups is hydrogeu. 
Thus, the term includes not only polyvinyl chloride horn opofymers 
but also after-chlorinated polyvinyl chloride, such as those disclosed 
in British patent No. 893, 288, and also copolymers of vinyl 
chloride in a major proportion and other copotymerizable monomers 

25 m a minor proportion, such as copolymers of vinyl chloride and 
vinyl acetate, copolymers of vinyl chloride with maleic or 
fumaric acids or esters, and copolymers of vinyl chloride with 
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styrene, propylene, and ethylene. The invention also is 
applicable to mixtures c£ polyvinyl chloride in a major 
proportion with other synthetic resins such as chlorinated 
pofyethylene or a copolymer of aciylonitrile, butadiene and 
styrene. Among the polyvinyl chlorides which can be stabilized 
are the uniaxially-stretch oriented polyvinyl chlorides described 
in U. S. patent No. 2, 934, 593 to fcaksem et al, that is, 
syndiotactic polyvinyl chloride, as well as atactic and isotactic 
polyvinyl chlorides. 

The stabilizer combinations of this invention both with 
and without supplementary heat and light stabilizers are 
excellent stabilizers for both unplasticized or rigid polyvinyl 
chloride resins as plastic ized potyvinyl chloride resins. The 
rigid polyvinyl chloride resins are defined as those containing 
at most 10% plasticizer. Plasticized resins contain at least 
10% plasticizer and can contain as much as 50 to 60% plasticizer 
according to the degree of plasticizatiora desired. When 
plasticizers are to be employed, they may be incorporated into 
the polyvinyl chloride resin using conventional means. 
Conventional plasticizers can be used , such as dioctyl phthalate, 
dioctyl sebacate and tricresyl phosphate. 

Particularly useful plasticizers are the epoxy higher 
fatty acid esters having from about twenty to about one hundred 
fifty carbon atoms. Sich esters will initially have had 
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unsaturation in the alcohol or acid portion of the molecule, 
which is taken up by the formation of the epoxy group. 

Typical unsaturated acids are oleic, linoleic, linolenic, 
erucic, ricinoleic and brassidic acids, and these may be 
5 esterifiedwith organic monohydric or polyhydric alcohols, 
the total number of carbon atoms of the acid and the alcohol 
being within the range stated. Typical monohydric alcohols 
include butyl alcohol, 2-ethylhexyl alcohol, lauryl alcohol, 
isooctyl alcohol, stearyl alcohol and oleyl alcohol. The octyl 
10 alcohols are preferred. Typical polyhydric alcohols include 
pentaerythritol, gfycerol, ethylene glycol, 1,2-propyIene glycol, 
1, 4-butylene gfyeol, neopentyl glycol, rlcinoleyl alcohol, 
erythritol, mannitol and sorbitol. Glycerol is preferred. 
These alcohols may be fully or partially esterified with the 
15 epoxidized acid. Also useful are the epoxidfeed mixtures <f 
higher fatty acid esters found in naturally-occurring oils such 
as epoxidized soybean oil, epoxidized olive oil, epoxidized 
cottonseed oil, epoxidized tall oil fatty acid esters, epoxidized 
linseed oil and epoxidized tallow. Of these, epoxidized soybean 
20 oil is preferred. 

The alcohol can contain the epoxy group and have a long 
or short chain, and the acid can have a short or long chain, such 
as epoxy stearyl acefate, epoxy stearyl stearate, glycidyl 
stearate, and polymerized glycidyl methacry late. 
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A small amount, usually not more than 1.5%, of a 
parting agent or lubricant, can also be included. Typical 
parting agents are the higher aliphatic acids, and alkali 
and alkaline earth metal salts of such acids, having twelve 
5 to twenty-four carbon atoms, such as stearic acid, lauric 
acid, palmitic acid and myristic acid, lithium stearate, 
calcium stearate and calcium palmitate, mineral lubricating 
oils, polyvinyl stearate, polyethylene and paraffin wax. 

Impact modifiers, for improving the toughness or 
10 impact- resistance of unplasticized resins, can also be added ' 
to the resin compositions stabilized by the present invention 
in minor amounts of usually not more than 10%. Examples of 
such impact modifiers include chlorinated polyethylene, ABS 
polymers, and polyacrylatebutadiene graft copolymers. 
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The perchloiate-2, 2, 6, 6-tetraaDqrl piperi^yl stabUizers 
of the invention can be combined with conventional heat.siabilizers 
such as phenolic antioxidants, polyvalentmetal salts of organic 
acids, organic phosphites, thioethers, organotin compounds, 
5 and other known heat stabilizers, thereby constituting light 
and heat stabilizer compositions of the invention. 

The phenolic antioxidant contains one or more phenolic 
hydroxyl groups, and one or more phenolic nuclei, and can con- 
tain from about eight to about three hundred carbon atoms, m ad- 
10 dition, me phenolic nucleus can contain an oxy or thio ether group. 
The alkyl-substituted phenols and polynuclear phenols, 
because of their molecular weight, have a higher boiling point, 
and therefore are preferred because of their lower volatility. 
There can be one or a plurality of alkyl groups of one or more 
15 carbon atoms . The alkyl group or groups including any alkylene 
groups between phenol nuclei preferably aggregate at least four 
carbon atoms. The longer the alkyl or alkylene chain, the 
better the compatibility with polypropylene, inasmuch as the 
phenolic compound then acquires more of an aliphatic hydrocarbon 
20 character, and therefore mere is no upper limit on the number 
of alkyl carbon atoms. Usually, from Hie standpoint of avail- 
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ability, the compound will not have more than about eighteen 
carbon atoms in an aliyl, alicyclidene and alkylene group, and 
a total of not over about fifty carbon atoms. The compounds 
may have from one to four alkyl radicals per phenol nucleus. 
5 The phenol contains at least one and preferably at least 

two phenolic hydroxyis, the two or more hydroxyis being in the 
same ring, if there is only one. In the case of bicyclic phenols, 
the rings can be linked by thio or oxyether groups, or by 
alkylene, alicyclidene or arylidene groups. 
10 The monocyclic phenols which can be employed have 

the structure: 

0— <OH )jts " 
R is selected from the group consisting of hydrogen; 
halogen; and organic radicals containing from one to about 
15 thirty carbon atoms, such as alkyl, aryl, alkenyl, alkaryl, 
axa^l, cy— cydoa^l, alfarcy, andacyl (R-C-), 
where R f ts aryl, alkyl or cycloalkyL ° 

x^ and 3^ are integers from one to four, and the sum of 
x x and Xj does not exceed six. 
20 The polycyclic phenol phenol is one having at least two 

aromatic nuclei linked by a polyvalent linking radical, as 
defined by the formula: 
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(Ar)„_Y— (Ar^ 
(OH)^ (OH)^ 

wherein 

Y is a polyvalent linl^ng group selected from lie 
5 group consisting of oxygen; carbonyl; sulfur; sulf inyl; aromatic, 
aliphatic and cycloallphatlc hydrocarbon groups; and oxyhydro- '' . 
carbon, Jhiohydrocarbon and heterocyclic groups. The linking 
group can have from one up to twenty carbon atoms. 

Ar Is a phenolic nucleus which can be a phenyl or a 
10 polycarbocyclic group having condensed or separate phenyl rings; 
each Ar group contains at least one free phenolic hydroxy! group 
up toa total of five. The Ar rings can also Include additional 
rings connected by additional linking nuclei of the type Y, for 
example, Ar-Y-Ar-Y-Ar. 
15 m, and m, are numbers from one to five, and n t and n, 

are numbers of one or greater, and preferably from one to four. 

The aromatic nucleus Ar can, in addition to phenolic 
hydroxyl groups, Include one Or more inert substituents. 
Examples of such inert substituents Include hydrogen, halogen 
2a atoms, e.g. , chlorine, bromine and fluorine; organic radicals 
containing from one to about thirty carbon atoms, such as alkyl, 
aryl, alkaryl, aralkyl, cycloalkenyl, cycloalkyl, alkoxy, 
aryloxy and acyloxy (R'jj-O) where R» Is aryl, alkyl or cyclo- 
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alkyl, or thiohydrocarbon groups having from one to about thirty 
carbon atoms, and carboxyl (~<jj~0-) groups. Usually, however, 

each aromatic nucleus will not have more than about eighteen 
carbon atoms in any hydrocarbon substituent group. Hie Ar 
5 group can have from one to four substituent groups per nucleus. 
Typical aromatic nuclei include phenyl, naphfhyl, 
phenanthryl, triphenylenyl,anthracenyl, pyrenyl, chrysenyl, 
and fluoroenyl groups. • 

When Ar is a benzene nucleus, the polyhydric polycyclic 
10 phenol has the structure: 



(OH) 

> 



(OH)^ *] (OH)^ 



15 wherein 

Ri> and R 3 are inert substituent groups as described 
in the previous paragraph; 

m x and m 3 are integers from one to a maximum of five; 

is an Integer from one to a maximum of four; 
x A and are integers from zero to four, and 
X;, is an integer from zero to three; 
y x is an integer from zero to about six and 
y 2 is an integer from one to five, preferably one or two. 
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Preferably, the hydroxy! groups are located ortho 
and/or para to Y. 

Exemplary Y groups are aliylene , alkylldene, and 
alkenylene; arylene, alkyl arylene, arylattylene; cycloalhylene, 

5 cycloaliylidene; and oxa- axui ffita-subsUtuted such groups; 
tetrahydrofuranes, esters and trlazlno groups. The Y groups 
are usually bt, trl, or tetravalent, connecting two, three or 
four Ar groups. However, higher valency Y groups connecting 
more than four Ar groups, can also be used. Accordlngto 

10 their constitution, the Y groups can be assigned to subgenera 
as follows: 

1) Y groups where at least one carbon In a chain or 
cyclic arrangement connect the aromatic groups, such as: 



-9«~ cja, 
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-CHj^-CH,- ; -CH 2 -(^)- ; -CH- ; -CH- ; 

6 o 



-oo- 5 j 

CH 3 




-CB^- i -«H 2 -CH- ; -i^C CH 2 -; 



10 



-HC 



B^C 



CH, 




CH- 




C- C 
15 H tt, 



2) Y groups where only atoms other than carbon link 
the aromatic rings, such as 

? 

-O-, -S- , ~S- and -(S) x ~ where x is a number from 

O O 

one to ten; . 

20 3) Y groups made up of more than a single atom 

Including both carbon and other atoms linking the aromatic 
nuclei, such as: 
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-aV-O-CH,- ; -<pH-CH 2 -0-CH a -CH- ; -0-03,-0^-0- ; 
CH 3 6h 3 

-CH 2 -S-* 

5 -CH.^CH,- ; -C^-^^H-CH,- ; J-O- (0^)^0-1 ; 

q-ca.oocci^cH,-] = ; -CH^Xo-c^c^-oXctt.cH,- ; 

10 J\ * -CHa-S- ; "CH^S-CH,- ; and A 

Although fee relation of effectiveness to chemical 
structure Is Insufficiently understood, many of the most effective 
15 phenols have Y groups of subgenus 1), and accordingly this ls 
preferred. Some of these phenols can be prepared by the 
ablation of phenols or alkyi phenols with polyunsaturated 
hydrocarbons such as dlcyclopentadiene or butadiene. 

Representative phenols Include guaiacol, resorclnol 
20 monoacetate, vanillin, butyl salicylate, 2,6-di-tert-butyl-4- 
methyl phenol, 2-tert-butyl-4 -memory phenol, 2,4-dinonyl 
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phenol, 2,3,4,5-tetradecyl phenol, tetrahydro-a-naphthol, 
o-, m- and p-cresol, o-, m- and p-phenyljihenol, o-, m~ and 
p-xylenols, the carvenols, symmetrical xylenol, thymol, o-, m~ 
and p-nonylphenol, o~, m- and p-dodecyl-phenol, and o-, m- 
5 and p-octyl-phenol, o-, and m-tert-butyl-p-hydroxy-anisole, 
p-n-decyloxy-phenol, p~n-decyloxy~cresol, nonyl~n-decyloxy- 
cresol, eugenol, Isoeugenol, glyceryl monosalicylate, methyl-p- 
hydroxy~einnamate, 4-benzyloxy-phenol, p-acetylaminopihenol, 
p-stearyl-amlnophenol, methyl-p-hydroxybenzoate, p-dL- 
10 chlorobenzoyl-arninoplienol, p-hydroxysallcyl anlllde, 
' stearyl- (3 , 5-di-methyl-4rhydroxy~benzyl) tttioglycolate, 
stearyl~P-(4-hydroxy-3,5--di~t--butylphenyl) propionate, distearyi- 
3, 5-di-t-butyl-4~hydro^bexizylphosphoixate, and distearyl 
(4-hydroxy-3-methyl-5-t-butyl) benzylmalonate. 
15 Exemplary polyhydric phenols are orclnol, propyl 

gallate, catechol, resorclnol, 4-octyl-resorcinol, 4-dodecyl- 
resorclnol, 4-octadecyl-catechol, 4~isooctyl-phloroglucinol, 
pyrogallol, hexahydroxybenzene, 4-isohexylcatechol, 2,6-di- 
tertiary-butyl-resorcinol, 2, 6-di-isopropyl-pibloroglucinol. 
20 Exemplary polyhydric polycyclic phenols are methylene 

biS"-(2,6-dL-tertiaxy-butyl-Bhenol), 2 , 2-bl s- (4-hydroxy phenyl)- 
propane, methylene-bis-(p-cresol), 4, 4 f -benzyl tdene bis 
(2-tertiary-butyl-5-methyl-phenol), 4,4 f -cycio-hexylidene 
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bis-(2-tertiary-butylphenol), 2,2'-methylene-bis-(4-methyl-6- 
(l'-methyl-cyclohexyl)-plienol), 2,6-bis-(2'-hydroxy-3*-tertiaiy- 
butyl-B^-methylbenzylH-methylifaenol, 4,4*-bis-(2-tertlary- 
butyi-5-methyl-phenol), 2, 2»-bis-(4-hydro^-phenyl) butane, 

5 ethylene bis-(p-cresol), 4,4'-oxobIs-phenol, 4,4'-oxobis- 

(3-methyl-5-Lsopropyl-phenol), 4,4'-o:robts-C3-methyl-phenol), 
2, 2 , -o3EobLs-(4-dodecyl- P henol), 2,2 , -ojcobLs-(4-me1hyl-5- 
tertiary-butyl-phenol), 4,4'-thto-bis-phenol; 4,4 , -thio-bls- 
(a-meaxyl-e-tertlary-bu^l-phenol), 2, 2'-thto-bls-<4-methyl-6- 

10 tertiary-butyl-phenol), 4,4*-n-butylldene-(2-t-butyl-5-methyl- 

phenol), 2,2'^methylene-bLs-(4- m ethyl-6-(r-methyl-cycIcaie 2 yl)- 

phenol), 4,4'-cycldhe3ylenebls-(2-terttaxy-butyl-phenol), 2,6- 
bts-(2'-hydro^ 

4,4'-oxobis(na^lbalene-l,5-diol), l,3'-bls-(naphihalene-2,5- 
15 diol) propane, and 2, 2'^butylene bis-(naphthalene-2,7-diol), 
(3-methyl-5-tert-butyl-4Uy^^^ 

propane, 2,2'-meihyIene-bis-(4-meihyl-.5-lsopropylphenol), 
2,2»-methylene-bls-(4-methyl-5-isopropylphenol), 2,2'- 
methylene-bis-(5-tert-butyl-4-chlorophenol), (3, 5-dL-tert-butyl- 
20 4-hydro 3W h e nyl)-(4'-hydro X yphenyl) ethane, (2-hydrosy-phenyl)- 
(S'^'-di-tert-DutyW^-hydroxyphenyl) ethane, 2,2'-methylene- 
bis-(4-octylphenol), 4,4»-propylene-bis-(2-tert-butyl-phenol), 
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2, 2 ! -isobutylene-bis- (4-nonylphenol), 2, 4-bis- (4-hydroxy-3 -t- 
butyl-phenoxy)-6- (n-octylihio)-l, 3, 5-triazine, 2, 4, 6-trLs- 
(4-hydro2y-3-t-butyl~phenoxy)-l,3, 5-triazine, 2, 2 T -bis-(3-t- 
butyl~4-hydro:xyphenyl) thiazolo-(5,4-d) thiazole, 2,2 r -bis- 
5 (3 - methyl- 5 -t-butyl- 4-hydroxyphenyl) thiazolo- (5, 4-d)-thiazole, 
4,4 t -bis-(4-hydroxyphenyl) pentanoic acid octadecyl ester, 
cyclopentylene-4 > 4 , -bis-phenol, 2-ethylbutylene-4,4 t -bisphenoi, 
4,4 t -cyclooctylene-bis-(2-cyclohexylphenol) > /3,i5-thiodiethanol- 
bis-(3-tert--butyi~4-hydroxyphenoxy acetate), 1,4-butanedio- 

10 bts«-(3-tert-buiyl-4~hydroxyplienoxy acetate), pentaerythritol 
tetra- (4-hydroxyphenol propionate), 2,4, 4 1 -tri-hydroxy 
benzophenone, bis- (2-tert-butyl-3-hydroxy-5-inethylpihenyl) 
sulfide, bis- (2-tert-butyl-4-hydr02^-5-mefeylphenyl) sulfide; 
bis-(2-tert-butyl-4-hydroxy-5-methylphenyl )sul£oxide, 

15 bis-(3-ethyl-5-tert-butyl-4-hydro2^benzyi) sulfide, bis-(2~ 
hydro^^-methyl-6-tert-butyl-phenyl) sulfide, 4,4 f -bis~(4- 
hydroxyphenol) pentanoic acid octadecyl thiopropionate ester, 
1, l,3-tris-(2 , -meffiyi-4-hydro^-5 , -tert-bu1ylplienyl) butane, 
1, l,3-trls-(l-methyl-3-hydro^-4-tert-butylEiienyl) butane, 

20 l,8-bis-(2-hydroxy-5-methLylbenzoyl-n-octane, 2, 2 f - ethylene- 
bis-[4 , -(3-tert-butyl-4-hydroxyphenyl)-thiazole] , l-methyl-3- 
^-meihyl--5-tert-butyl-4-hydroxybenzyl)--naphthalene, 2,2 f ~ 
(2-butene)-bis- (4-methoxy-6-tert-butylphenol)-bis-[3 , 3 -bis- 
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(4-hydroxy-3-t-butyiphenyl) butyric acid] glycol ester, 4,4'- 
buylldene-bls-(6-t-butyl-m-cresol), 1, 1, 3-tris-(2-metiiyl-4- 
hydroxy-5-t-butylihenyl) butane, 1,3, 5-trts-(3, 5-dL-t-butyl-4- 
hydroxybenzyl)-2, 4, 6-trlmethylbenzene, tetraMs [metbylene-3 

5 (3,5-dl-t-butyl-4-hydroxyphenyl)propldnate] methane, 1,3^5- 
tris-(3,5-di-t-bufyl-4-hydroxybenzyl) tsocyanurate, 1,3,5-tris- 
(3, 5-di-t-butyl-^-hydroxynhenyl) propionyl-oxyethyi Isocyanur- 
ate, 2-octylthio^,6-di-(4-hydro^-3,5-dl-t--bUtyl) phenozy- 
1,3,5-trlazine, 4,4'-thtobts-(6-t-butyl-m-cresol) and penta- 

10 erythrltol hydroxyphenyl propionate. 

A particularly desirable class of poiyhydrtc polycycllc 
phenols are the dtcyclopentadlene polyphenols, which are of the 
type: 



15 




In which 



Rj and R, are lower alkyl, and can be the same or 
different, and 

n Is the number of the groups enclosed by the brackets, 
and Is usually from 1 to about 5. These are described In U. S. 
patent No. 3,567, 683, dated March 2, 1971 to Spacht. A com- 
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mercially available member of this class is Wingstay L, exem- 
plified by dLcyclopentadiene tri-(2-tert-bu1yi-4~methyl-phenol) 
of the formula: 



5 




The polyhydvlc polycyclic phenols used in the invention 
can also be condensation products of phenols or alkylphenols 
with hydrocarbons having a bicyclic ring structure and a double 

10 bond or two or more double bonds, such as at-pinene, /3~pinene, * 
dipentene, limonene, vinylcyclohexene, dicyclopentadiene, 
allo-ocimene, isoprene and butadiene. These condensation 
products are usually obtained under acidic conditions in the form 
of more or less complex mixtures of monomeric and polymeric 

15 compounds. However, it is usually not necessary to isolate 
the individual constituents. The entire reaction product, 
merely freed from the acidic condensation catalyst and un- 
changed starting material, can be used with excellent results. 
While the exact structure of these phenolic condensation 
20 products is uncertain, the Y groups linking the phenolic nuclei 
all fall into the preferred subgenus 1. For method of prepara- 
tion, see e.g., U.S. patent No. 3,124,555, U.S. patent No. 
3,242,135, and British patent No. 961,504. 
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When the stabilizer composition Is used in conjunction 
with a polyvalent metal salt of an organic acid, the organic 
acid will ordinarily have from about six to about twenty-four 
carbon atoms. The polyvalent metal can be any metal of 

5 Group n of the Periodic Table, such as zinc, calcium, cadmium, 
barium, magnesium and strontium. The alkali metal salts and 
heavy metal salts such as lead salts are unsatisfactory. The 
acid can be any organic non-nitrogenous monocarboxylic acid 
having from six to twenty-four carbon atoms. The aliphatic, 

10 aromatic, alicycllc and oxygen-containing heterocyclic organic 
acids are operable as a class. By the term "aliphatic acid" 
Is meant any open chain carboxyllc acid, substituted, If desired, 
with nonreactlve groups, such as halogen, sulfur and hydroxyl. 
By the term "alicycllc" It will be understood that there Is 

15 Intended any cyclic acid in which the ring Is nonaromatlc and 
composed solely of carbon atoms, and such acids may If desired 
have Inert, nonreactlve substituents such as halogen, hydroxyl, 
alkyl radicals, alkenyl radicals and other carbocyclic ring 
structures condensed therewith. The oxygen-contalnlng hetero- 
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cyclic compounds can be aromatic or nonaromatic and can 
include oxygen and carbon in the ring structure, such as alkyl- 
substituted furoic acid. The aromatic acids likewise can have 
nonreactive ring substituents such as halogen, alhyl and alkenyl 
5 groups, and other saturated or aromatic rings condensed there- 
with. 

As exemplary of the acids which can be used in the 
form of their metal salts there can be mentioned the following: 
hexoic acid, 2-ethylhexbic acid, n-octotc acid, isooctoic acid, 

10 capric acid, undecylic acid, lauric acid, myristic acid, 
palmitic acid, margarlcacid, stearic acid, oleic acid, 
ricinblelc acid, behenic acid, chlorocaproic acid, hydroxy 
capric acid, benzoic acid, phenyiacetic acid, butyl benzoic acid, 
ethyl benzoic acid, propyl benzoic acid, hexyl benzoic acid, 
15 salicylic acid, naphthoic acid, 1-najiithalene acetic acid, 
orthobenzoyl benzoic acid, naphthenic acids derived from 
petroleum, abietic acid, dihydroabietic acid, hexahydrobenzoic 
acid, and methyl furoic acid. 

The water-Insoluble salts are preferred, because they 

20 are not leached out when the plastic is in contact with water. 
Where these salts are not known, they are made by the usual 
types of reactions, such as by mixing the acid, or anhydride 
with the corresponding oxide or hydroxide of the metal in a 
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liquid solvent, and heating, if necessary, until salt formation 

15 Is complete. 

A variety of organic trlphosphltes and acid phosphites 
can be employed, of which the following axe exemplary. 
5 The organic trlphosphlte can be any organic phosphite 

having three or more organic radicals attached to phosphorus 
through oxygen. Hie acid phosphite can be any organic 
phosphite having one or two organic radicals attached to 
phosphorus through oxygen. These radicals can be monovalent 

10 radicals, In the case of the trlphosphltes, dlphosphttes and 
monophlsphltes. * 

The organic trlphosphltes In which the radicals are 
monovalent radicals can be defined by the formula: 
Ri-O-ip-O-R, 

In which 

Rj, Rj and Rj are selected from the group consisting of 
alkyl, alkenyl, aryl, alkaryl, aralkyl, and cycloalkyl groups 
20 having from one to about thirty carbon atoms. 

The acid phosphites are defined by the same formula, 
but one or two of R„ R, and R 3 Is hydrogen or a cation of a 
metal or ammonium. 
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Also Included are the organic triphosphates having a 
bivalent organic radical forming a heterocyclic ring with the 
phosphorus of the type: 



in which 



R 4 is a bivalent organic radical selected from the 
group consisting of alkjrlene, arylene, aralkylene, alkarylene 
10 and cycloalkylene radicals having from two to about thirty 

carbon atoms, and Rg is a monovalent organic radical as defined 
above in the case of R^ Rg and R 3 ; 

R 5 is hydrogen or a. cation, in the case of the acid 
phosphites, 

15 Also useful organic triphosphites are mixed hetero- 

cyclic-open chain phosphites of the type: 

/°\ /\ 

V 7" 0 - R 4- 0 - P X X 

o 

More complex triphosphites are formed from trivalent 
20 organic radicals, of the type: 

in which 
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Rs Is a trlvalent organic radical of any of fee types of 
R i to 1*5, Inclusive, as defined above. 

A particularly useful class of complex triphosphites 
are fee tetraoxadiphosphasplro undecanes of fee formula: 

5 



/OCT. CRfL 
OCHV CH a O / 



. where 

R, and are selected from fee group consisting of 
10 aryi, alkyl, aryloxyefeyl, alkyibxyethyl, aryloxyefeoxyefeyl, 
alkyloxyefeoxyefeyl and alkyloxypolyefeoxyethyl having from 
about 1 to about 30 carbon atoms. 

In the case of fee acid phosphites, one or both of R z and 
Rj is also hydrogen or a cation. 
15 An especially pref erred class of organic triphosphites 

and acid phosphites have a blcycllc aromatic group attached to 
phosphorus through oxygen, wife no or one or more phenolic 
hydroxyl groups on either or both of the aromatic rings. These 
phosphites are characterized by fee formula; 

20 



or 



(HO)„-Ar-0-P^ ^7 
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in which 

Ar is a mono or tricyclic aromatic nucleus and m is an 
integer of from 0 to about 5. S^is one or a plurality of organic 
radicals as defined above for R x to R 6 , taken singly or together 
5 in sufficient number to satisfy the valences of the two phosphite 
oxygen atoms. 

One or both ^radicals is also hydrigen, in the case 
of the acid phosphites, and can include additional bicyclic 
aromatic groups of the type (HO) m -Ar. 
10 The cation in the case of acid phosphites can be a 

metal, such as an alkali metal, for Instance, sodium, potassium 
or lithium; an alkaline earth metal, for instance, barium, 
calcium, or a nontoxic polyvalent metal, such as magnesium, 
tin and zinc. 

15 Usually, the triphosphates and acid phosphites will not 

have more than about sixty carbon atoms. 

Exemplary triphosphites are monophenyl di-2-ethylhexyl 
phosphite, diphenyl mono-2-ethylhexyl phosphite, di-isooctyl 
monotolyl phosphite, tri~2-ethylhexyl phosphite, phenyl dicyclo- 

20 hexyl phosphite, phenyl diethyl phosphite, triphenyl phosphite, 
tricresyl phosphite, tri(dimethylphenyl) phosphite, trioctadecyl 
phosphite, triisooctyl phosphite, tridodecyl phosphite, isooctyl 
diphenyl phosphite, diisooctyl phenyl phosphite, tri(t-octylphenyl) 
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phosphite, trl-(t-nonylphenyl) phosphite, benzyl methyl Isopropyl 
phosphite, butyl dlcresyl phosphite, isooctyl dl(octylphenyl) 
phosphite, di(2-ethylhesyl) Cisooctylphenyl) phosphite, trt 
(2-cyclohexylphenyi) phosphite), trt-a-naphthyi phosphite, trf 
5 (phenylphenyl) phosphite, trl(2-phenylethyl) phosphite, ethylene 
phenyl phosphite, ethylene t-butyl phosphite, ethylene tsohexyl 
phosphite, ethylene Isooctyl phosphite, ethylene cyclohexyl 
phosphite, 2-phenoac7-l,3,2-dloxaphosphorlnane, 2-butoxy- 
1, 3, 2-dloxyphosphorlnane, 2-octoxy-5, 5-dimethyl-dioxaphos- 
10 phorlnane, and 2-cyclohexyloxy-5, 5-dtethyl dloxaphosphortnane. 
Exemplary pentaerythrttol trlphosphltes are 3,9- 
dtphenoxy-2, 4, 8, lO-tetraoxa-3, 9-dlphosphasplro-(5, 5)-undecane 
(dlphenyl-pentaeryarltoldlphosphlte), 3,9-dt(decylojcy)-2,4,8-, 
10-tetraoxa-3, 9-dtphosnhasplro (5, 5)-undecane, 3,9-dl 
15 Cisodecyloxy)-2, 4, 8, lO-tetraoxa-3, 9-dlphosphasptro-(5, 5)- 
undecane, 3,9-dl(octadecyloxy)-2,4,8,10-tetraoxa-3,9- 
dlphosphasplro-(5, 5)-undecane, 3-phenoxy-9-tsodecyioxy- 
2, 4, 8,l(Ketraoxa-3, 9-dlphosphasptro-(5, 5)-undecane, 3, 9-dl 
(metho3qr)-2,4, 8, lO-tetraoxa-3, 9-dlphosphasptro-(5, 5)-undecane, 
20 3,9-diaauryloxy)-2,4,8,10-tetraoxa-3,9-dlphosphasptro-(5,5)- 
undecane, 3, 9-di-p-tolyloxy-2,4,8, 10-tetraoxa-3,9-diphosphas- 
plro-(5, 5)-undecane, 3, 9-dt(methoxyethyloxy)-2,4,8, 10- 
tetraoxa-3, 9-diphosphaspiro-(5, 5)-nndecane, 3-methoxyethyloxy- 
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9-isodecyloxy-2,4, 8, 10-tetraoxa-3, 9-diphosphaspiro-(5, 5)- 
undecane, 3, 9-di(etiioxyethyloxy)-2, 4, 8, 10-tetraoxa-3, 9- 
diphosphaspiro- (5 , 5)-undecane, 3 , 9-di (butoxyethyloxy )- 
2, 4, 8, 10-tetraoxa-3, 9~diphosphaspiro-(5, 5)-undecane, 
5 3 - methoxy ethyloxy- 9 -butoxy- ethyloxy- 2 , 4, 8, 10-tetraoxa-3, 9- 
diphosphaspiro-(5,5)-undecane, 3, 9-di (methoxy ethoxy ethyloxy )- 
2, 4, 8, 10-tetraoxa-3, 9-diphosphaspiro-(5, 5)-undecane, 3, 9-di- 
(butoxyethoxyethyloxy)-2,4, 8, 10-tetraoxa-3 9 9-diphosphaspiro- 
(5, 5)-imdecane, 3 , 9-di(methoxyethoxyethoxyethyloxy)-2, 4, 8, 10- 
10 tetraoxa-3 , 9-dijiiosphaspiro- (5 , 5)-undecane, 3 , 9-di (methoxy 
(polye1lioxy)ethyloxy)-2,4, 8, 10-tetraoxa-3, 9-diphosphaspiro- 
(5, 5)-undecane /where the (polyethoxy) ethyloxy group has an 
average molecular weight of 350), 3, 9-di(metho:xy (polyethoxy) 
ethyloxy )-2, 4,8, 10-tetraoxa-3, 9-diphosphaspiro-(5, 5)-undecane 
15 (where the (polyethoxy) ethyloxy group has an average molecular 
weight of 550). 

Exemplary of the bis aryl triphosphates are: bis(4,4 f - 
thio-bis(2-tertiary-butyl-5-metliyl-phenol)) isooctyl phosphite, 
. mono(4,4 , -thio-bis(2-tertiary-butyl-5-methyl-phenol)) di-phenyl . 
20 phosphite, tri-(4,4 t -n-butylidene-bis(2-tertiaiy-butyl-5-mettLyl- 
phenol)) phosphite, (4,4 t -benzylidene-bis(2-tertiary-bu1yl-5- 
methyl-phenol)) diphenyl phosphite, isooctyl 2,2 t -bis(-para- 
hydroxyphenyl) propane phosphite, decyl 4,4 , -n-butylidene-bis 
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(2-tertiary-butyl-5-methylphenol) phosphite, trl-4,4'-thio-bls 
(2-tertiaiy-butyl-5-methyiphenol) phosphite, 2-etiiylhexyl-2,2'- 
methylene-bis(4-methyl-6,l , -methylcyclohexyl) phenol phosphite, 
tri(2,2'-bis-(para-hydroxyphenyl) propane) phosphite, trl(4,4»- 
5 thio-bls(2-tertiary-butyi-5-methyl-phenol) phosphite, isooctyl- 
(2, 6-bls(2'-hydroxy-3, 5-dlnonylben?yl)-4-nonyl phenyl)) 
phosphite, tetra-trtdecyl-4, 4' -n-butylldene-bis (2-tertiary-butyl- 
5-inethylphenyl) dlphosphlte, tetra-isooctyl-4,4 , -1hlo-bls 

(2-tertiary-butyl-5-methylphenyl) diphosphlte, 2, 2 , -melhylene- 
10bis(4-methyl-6,r-methyl cyclohexyl phenyl) polyphosphtte^ 
lsooctyl-4, 4*-isopropylldene-bis-phenyl polyphosphlte, 
2-eihylhe3jyl-2, 2*-methylene-bis(4-methyl-6, l'-methyl-cyclo- 
hexyl) phenyl triphosphite, tetra-trldecyl-4,4 , -o35ydiphenyl 
diphosphlte, tetra-n-dodecyl-4,4'-n-butylldene bis (2-tertiary- 
15 butyl-5-methylphenyl) dlphosphlte, tetra-trldecyl~4,4Mso- 
propylldene blsphenyl dlphosphlte, hexa-txidecyl butane-1, 1,3- 

9 

trls^-methyl-S'-tertlary-butylphenyi^O triphosphite. 

Exemplary acid phosphites are dijphenyl) phosphite, 
monophenyl phosphite, mono (di phenyl) fhosphite, dtcresyl 
20 phosphite, dl-(o-isooctylphenyl) phosphite, dt(p-ethylhexylphenyl) 
phosphite, di(p-jt*-octylphenyl) phosphite, di(dimethylphenyl) 
phosphite, di-n-butyl phosphite, di-2-ethylhexyl phosphite, 
mono-2-ethylhexylphosphite, ditsooctyl phosphite, monoisooctyl 
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phosphite, monododecyl phosphite, 2-ethylhexyl phenyl phosphite, 
2-ethylhe^l~(n-octylphenyl) phosphite, monocyclohexyl phos- 
phite, dicyclohexyl phosphite, di(2-cyclohexyl phenyl) phosphite, 
dti-a-naphthyl phosphite, diphenyl phenyl phosphite, di(diEfcenyi) 
5 phosphite, di-(2-phenyl ethyl) phosphite, dibenzyl phosphite, 
. monobenzyl phosphite, n-butyl cresyl phosphite and didodecyl 
phosphite, cresyl phosphite, t-octylphenyl phosphite, ethylene 
phosphite, butyl cresyl phosphite, Isooctyl monotolyl phosphite * 
and phenyl cyclohexyl phosphite. 
10 Exemplary of the bis aryl acid phosphites are: 

bis^^'-thio-bis^-tertiary^ phosphite, . 

(4, 4 l ^tibiio-bis(2 -tertiary-butyl-5-methylphenol)) phenyl phos- 
phite, bls(4,4 f ~n-butyUdene-b^ 

phenol)) phosphite, mono(4,4 , -benzylidene-bis^-tertlary-butyl~ 
15 5-methylpihenol)) phosphite, mono(2,2 t -bis-fearahydroxyphenyl) 
propane) phosphite, mono(4,4 t »butylidene-bis(2-tertiary-butyl- 
5-methylphenol) phosphite, bls(4,4 f -thio-bis(2-tertiary-butyl-5- 
methylphenol)) phosphite, mono-2~ethylhexyl-mono-2 , 2* - methyl- 
ene-bis(4-methyi-6,l!-methylcyclohe3cyl) phenol phosphite, bis 
20 (2, 2 f -bis(para-hydroxyphenyl)propane) phosphite, monoisooctyl- 
mono(4, 4 , -thio-bis(2-tertiary-butyl-5--methyliphenol)) phosphite, 
lsooctyl-(2, 6-bis(2 f -hydroxy-3, 5-dinonylbenzyl)-4-nonylphenyi)) 
phosphite, tri-tridecyl-4, 4 T -n-butylidene-bis(2-tertiary-butyl- 
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5-methylphenyl) dlphosphtte, triisooctyl^^-thio-bisCZ- 
tertiary-butyl-5-methylphenyl) diphosphlte, bis(2, 2 f - methylene- 
bis(4-methyb-6, V -methyl cyciohexyl phenyl)) phosjSilte, 
isooctyl-4,4Msopropylldene-bls-phenyl phosphite, monojhenyl 
5 mono(2, 2 f -metliylene-bls*(4-methyl-6, r-methyl-cyclohexyl)) 
trlphosphlte, dl-trldecyl-4,4 f -oxydtjiienyl dlphosphlte, dl-n- 
dodecyl-4, 4 f -n-butyltdene-bls(2-tertlary-butyl-^^ 
diphosphlte, dl-trldecyl-4,4Msopropylldene blsphenyl 
diphosjirite, tetra-trldecyl butane-1, 1, 3-tris(2 f -mettiyl-5- 
10 tertlaiy-butylphenyl-4)-triiiiosi4itte v 

The thiodipropionlc acid ester has the following 

formula: 

RpOCCH 2 CH 2 -S--CH 2 CH 2 COOY 
in which R x is an organic radical selected from the group con- 
15 sistlng of hydrocarbon radicals such as alkyl, alfcenyl, aryl, 
cycloalkyl and mixed alkyl aryl and mixed alkyl cycloalkyl 
radicals; hydroxyalkyl and hydroxyalkyioxyalkylene radicals; 
and esters thereof with aliphatic carboxylic acids; and Y is 
selected from the group consisting of (a) hydrogen, (b) a second R 
20 radical 1^, which can be the same as or different from the R x 
radical, (c) a polymeric chain of n ttilodlproplonlc acid ester 
units: 

- XO[OCCH 2 CH 2 SCH ^^OOXO^OCCH^^ S - CH,CH 2 COOZ 
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where Z is hydrogen, or M, n Is the number of thiodipropion- 
tc acid ester units in the chain, and X is a bivalent hydrocarbon 
group of the type of R^that is, alkylene, alfcenylene, cyclo- 
alkylene, mixed alhylene-axylene and mixed alkylene- 

5 cycloalkylene radicals; hydroxyalkylene and hydroxy alkyloxy- 
alkylene radicals; and esters thereof with aliphatic carboxylic 
acids; the value of n can range upwards from 0, but there Is no 
upper limit on n except as is governed by the ratio of carbon 
atoms to sulfur atoms as stated below; and (d) a polyvalent 

10 metal M of Group II of the periodic table such as zinc, calcium, 
cadmium, barium, magnesium and strontium. 

The molecular weights of the R and Y radicals are 
taken such that with the remainder of the molecule the thiodi- 
propionic ester has a total of from about ten to about sixty 

15 carbon atoms per sulfur atom. 

Accordingly, the various thiodipropionic acid ester 
species coming within the above-designated categories within the 
general formula can be defined as follows: 
(a) RpOCCHgCaigSCHjjCHaCOOH 

20 (b) R x O0CCK 2 CR 2 SCE 2 C& 2 CO0Kz 

(c) R^[0CCH 2 ra 2 SOT^ 

(d) RpOCCH 2 CH 2 SCH 2 C3I 2 COOM 
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In the above formulae R A and R^ M, X and Z are the 
same as before and the value of n x can range upwards from 1, 
but there is no upper limit on n x except as is imposed by the 
ratio of carbon atoms, as stated below. In fee polymer (c), 

5 as in the other forms of thiodipropionlc acid esters, the total 
number of carbon atoms per sulfur atom is within fee range 
from about ten to about sixty. 

The R radical of these esters is important in furnishing 
compatibility with the polymer.. The Y radical Is desirably 

10 a different radical, or M or a polymer, where R is rather 
low in molecular weight, so as to compensate for this in 
obtaining the optimum compatibility and nonvolatility. Where 
Y is a metal, the thiodipropionlc acid ester furnishes fee 
beneficial properties of the polyvalent metal salt which is 

15 described above. 

The aryl, alhyl, alkenyl, and cycloalkyl groups may, If 
desired, contain inert, nonreactive substltuents such as halogen 
and other carbocycllc and heterocyclic ring structures condensed 
there wife. 

20 Typical R radicals are, for example, methyl, ethyl, 

propyl, isopropyl, butyl, isobutyl, t-butyl, amyl, Isoamyl, 
n-octyl, Isooctyl, 2-ethyl hexyl, t-octyl, decyl, dodecyl, 
octadecyl, ally!, hexenyl, llnoleyl, riclnoleyl, oleyl, jiienyl, 
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xylyl, tolyl, ethylphenyl, naphthyl, cyclohexyl, benzyl, 
cyclopentyl, methylcyclohexyl, eihylcyclohexyl, and naphthenyl, 
hydroxyethyl, hydroxypropyl, glyceryl, sorbityl, pentaerythrityl, 
and polyoxyalkylene radicals such as those derived from - 

J diethylene glycol, trlethylene gjycol, polyoxypropylene glycol, 
polyoxyethylene glycol, and polyoxypropyleneoxyethylene glycol, 
and esters thereof with any of the organic acids named below 
in the discussion of the polyvalent metal salts, Including in 
addition those organic acids having from two to five carbon 

10 atoms, such as acetic, propionic, butyric and valeric acids. 

Typical X radicals are alkylene radicals such as 
ethylene, tetramethylene, hexamethylene, decamethylene, 
alkyl-substituted alkyiene radicals such as 1,2-propylene, 

L5 --CH 2 ~ C- and -CE^C-CK^ 

CH 3 }xL s 

arylene radicals such as phenyiene 

methylenephenylene -<JH ? H^^- 

dimethylene phenylene -CH 2 ^^ — CH 2 ~- 

and alicyclylene such as cyclohexylene 

20 and cyclopentylene _J^|_ 
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As exemplary of fee thiodiproptonic acid esters which 
can be used, there can be mentioned the following: monolauryl 
thiodlpropionlc acid, dilauryl mtodlproplonate, butyl stearyl 
ihiodipropionate, 2-ethylhexyl lauryl thiodipropionate, dl-2- 
5 ethymexyl-thlodipropionate, dilsodecyl thiodipropionate, 

isodecyl phenyl thiodipropionate, benzyl lauryl thiodipropionate, 
benzyl phenyl thiodipropionate, the diester of mixed coconut 
fatty alcohols and thlodipropionlc acid, the diester of mixed 
tallow fatty alcohols and thlodipropionlc acid, the acid ester 
10 of mixed cottonseed oil fatty alcohols and thlodipropionlc acid, 
the acid ester of mixed soyabean oil fatty alcohols and thlodi- 
propionlc acid, cyclohexyl nonyl thiodipropionate, monooleyl 
thlodipropionlc acid, hydroxyethyl lauryl thiodipropionate, 
monogiyceryl thlodipropionlc acid, glyceryl monostearate 
15 monothlodipropionate, sorbttyl Isodecyl thiodipropionate, fee 
polyester of dlethylene glycol and thlodipropionlc acid, the 
polyester of Methylene glycol and thlodipropionlc acid, the 
polyester of hexamethylene glycol and thiodiproptonic acid, the 
polyester of pentaerythrltol and thlodipropionlc acid, the 
20 polyester of octamethylene glycol and thlodipropionlc acid, the 
polyester of p-dlbenzyl alcohol and thlodipropionlc acid, 
ethylbenzyl lauryl thiodipropionate, strontium stearyl thiodipro- 
pionate, magnesium oleyl thiodipropionate, calcium dodecyl- 
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benzyl thlodipropionate, and mono(dodecylbenzyl) thiodiproplonic 
acid. 

These esters are for the most part known compounds, 
but where they are not available, they are readily prepared by 
> esterlfication of thiodiproplonic acid and the corresponding 
alcohol. 

Also useful are: 

(1) Thioalkanolc acid amides of Tokuno et al Japanese 
patent No. 16,286/68 having the formula: 
10 fi 

Ri-S-Ra-CONH-CCPV-OH 



R 

R is alkyl of one to eight carbon atoms, R t Is aliyl of 
six to twenty-four carbon atoms, and Rj .is alkylene of one to 
15 six carbon atoms. 

(2) Thioalkanoic acid amides of 1 , 3 , 5-trlazines of 
OzeM et al Japanese patent No. 20,366/68 having the formula: 



20 



/-N-C-CJBL-S-R 
R-S-C^-C-ti ) 

R Is alkyl of eigfrt to eighteen carbon atoms. 
(3) Bls-thloalkanolc acid amides of Yamamoto et al 
Japanese patent No. 23, 765/68 having the formula: 
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R-S-C^ 4 -C-NH-NH-^-C a H 4 -S--R 
O O 

R is alkyl of more than six carbon atoms, aryl or 

araikyl. 

(4) Bis-thioalkylanoic acid amides of Ozeki et ai 
5 Japanese patent No. 26, 184/69 having the formula: 

R is alkyl of twelve to eighteen carbon atoms, and R a is 
alkylene of one to ten carbon atoms, cycloalkylene, or arylene. 

(5) Bis-alkylene thloalkanolc acid amides of Ozeki 
10 Japanese patent No. 31,464/69 having the formula: 

R-S-C^ 4 -J-NH^ 2 -NH-^-C 2 H 4 -S--R 

R is alkyl of more than six carbon atoms, aryl,. or 

araikyl. 

(6) Thioalkanoic acid amide derivatives of Mlnagawa etal, 
15 published Japanese application Nol 106,484/74 having the 

formula: 

R~S~C^ 4 ~<jj-NH^ 

R is hydrocarbyl of one to twenty carbon atoms. 

(7) Alkylene bis-thloalkanoic acid amides of U.S. patent 
20 No. 4,279,805 to Ohzeki et al, patented July 21, 1981, having 

the general formula: 
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wherein: 

R x Is alkyi having from one to about fifty carbon atoms 
Ra Is alkylene having from one to about three carbon 
5 atoms; and 

R3 is alkylene having from about two to about twelve 
carbon atoms. 

0-ACsylthiopropionic acid esters having the general 

formula: 

10 R-S-C^COOR-fR*)* 
wherein: 

R Is alfcyl of four to twenty carbon atoms; 
n Is a number from 1 to 6; and 

R f Is the residue of an alcohol having from one to six 
15 hydroxyl groups. 

Pentaerythritol tetra dodecyl thio propionate Is an 
example of this group. 
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The organotiri compounds Include the alkyl tin 
carbaxylates, such as mono-, di- and tri-meihyl, butyl and 
octyl tin octcate; laurate; myristate; palmitate; stearate; 
isostearate; maleate; mondbutylmaleate; monobenzylmaleate; 
monoolylmaleate; and monosteaiylmaleate; the alkyl tin 
mercaptides such as mono, diand tri methyl, butyl and 
octyl tin mercaptides; the alkyl tin sulfides; such as mono, di 
and tri methyl, butyl and octyl tin sulfides; the alkyl tin 
mercaptide/sulfides such as memo, diand trimeihyl, butyl 
and octyl tin mercaptide-sulfides; and the alkyl tin mercapto- 
carboxylates such as mono, di and tri methyl, butyl and octyl 
tin butyl and isooctyl thiogly colates and thiopropionates. 

The preferred amount of organotin compound is within 
the range from about 0. 2 to about 5 parts, pref erably from about 
0. 5 to about 3 parts, by weight per 100 parts by weight of 
polyvinyl chloride resin/ 

Additional heat stabilizers which can be employed with 
the stabilizers of the invention include 0-aminocrotonates, such as 
1, 4-butanediol bisO-aminocrotonate) and thlodiglycol bis(/3-amino-: 
crotcratej; ureas such as diphenylurea and diphenylthiourea;, 
indoles such as a-phenylindole and a-(octylphenyl) indole; 
dihydropyridines such as 2, 6-dimethyl-3,5-di(carbooctoKy)- 
1, 4-dihydropyridine and 2, 6-dimethyl-3, 5-di(caibolauiyloxy)- 
1, 4-dihydropyridine; 0-diketones such as dibenzoylmethane, 
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benzoy lace tone, stearoy Ibenz oy lxn ethane, caprcy lbenz oylmethane 
and dehydroaceticacid; and pofyols, such as trimethylol- 
prqjane, glycerol, trls(2^droKyethyl)isocyanurate, 
pentaerythritol, dipentaerythritol, mannitol, sorbitol, 
5 pentaerythritolmonostearate, dipentaerytftritoladipate and 
dipentaeiy thritolmono(py rollidonecarbaxylate) . 

Other conventional light stabilizers can be employed, 
such as hyd r oxyb enz oph en ones such as 2 -hyd r oxy -4 -m ethaxy - 
benzophenone, 2 hydroxy -4 n-octaxy benzophenone, 2,4 dihy- 
10 draxybenzophenone, benzotriazoles, such as 2(2 hydraxytB- 
methylphenyl) benzotriazoles, 2(2 -hydroxy 3-t-bu{yl-5-methyl- 
phenyl)j-5 chlorobenzotriazole, 2 (2 -hydroxy -3 -5 -di t-butylphenyl)- 
5-chlorobenzotriazole, 2 (2 -hydroxy -3, 5-di-t -amylphenyl) benzo- 
triazole, benzoates such as phenylsalicy late, 2,4-di-t-butylpheiyl 
15 -3 , 5 -di - t-buty 1-4 -hyd r oxy phenylbenzoate, nickel compounds 
such as nickel 2, 2 f -thiobis(4-t-octyl-phenolate), nickel -mono- 
ethyls, 5 -di-t-buty 1-4 -hydraxybenzyl) phosphonate, substituted 
acrylonitriles such as methyl- a-cyano-0 -methyl-£ -(p methoxy 
phenyl) aery late and oxalic anilides such as N-2 ethyl phenyl- 
20 N 1 . 2-ethoxy-5-t butyl phenyl oxalic diamide, N 2-fethyl pheriyl- 
N*-2 ethaxy phenyl oxalic diamide. 

A sufficient amount of the stabilizer combination is used 
to improve the resistance of the synthetic polymer to deterioration 
in physical properties when exposed to heat and light, including, 
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for example, discoloration, reduction in melt viscosity and 
embrittlement. Very small amounts are usually adequate 
Amounts within the range from about 0.001 to about 10% total 
stabilizers including the stabilizer combinations of the invention 
5 by weight of the pofymer are satisfactory. Preferably, from 
0.01 to 5% is employed for optimum stabilization. 

The stabilizer compositions of the invention comprise 
a blend of: 

(a) 2, 2, 6, 6 tetraro ethyl piperidyl compound in an amount 
10 or from about 10 to about 35 parts by weight; 

(b) ammonium or metal perchlorate in an amount of from 
about 10 to about 35 parts by weight; 

and optionally: 

(c) a phenolic antioxidant in an amount from about 10 
15 to about 35 parts by weight; and/or 

(d) other heat or light stabilizers in an amount of from 
about 10 to about 35 parts by weight 

The stabilizer compositions of the invention can be 
employed in combination with phenolic antioxidant and/or other 
20 conventional heat and light stabilizers for the particular synthetic 
polymer. 

Thus, for example, in the case of polyvinyl chloride 
resins, other polyvinyl chloride resin heat stabilizers can be 
included, including polyvalent metal fatty acid salts such as 
25 barium and cadmium salts of the higher fatty acids; organotin 
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compounds; and epaxy compounds. 

With poly olefin resins there can be employed fatly acid 
salts of polyvalent metals, and the higher fatty acid esters of 
thiodipropionic acids, such as, for example, dilauiyl thio- 
dipropianate. 

With polyamide resin compositions, polyamide stabilizers 
such as copper salts in combination with iodides and/or other 
phosphorus compounds and salts of divalent manganese can be 
used. 

With synthetic rubbers and aciylanitrile butadiene - 
styrene terpolymers, other antiaxidants~and polyvalent metal 
salts of the higher fatty acids can be used. 

In addition, other conventional additives for synthetic 
polymers, such as plasticizers, lubricants, emulsif iers, anti- 
static agents, flame-proofing agents, pigments and fillers, can 
be employed. 

The stabilizer or combination is incorporated in the 
polymer in suitable m being equipment, such as a mill or a 
Banbury mixer. IE the polymer has a melt viscosity which is too 
high for the desired use, the polymer can be worked until its melt 
viscosity has been reduced to the desired range before addition cf 
the stabilizer. Mixing is continued until the mixture is substan- 
tially uniform. The resulting composition is then removed from 
the mixing equipment and brought to the size and shape desired 
for marketing or use . 
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The stabilized polymer can be worked into the desired 
shape, such as by milling, calendering, extruding or injection 
molding or fiber-forming. In such operations, it will be found 
to have a considerably improved resistance to reduction in melt 
viscosity during the heating, as well as a better resistance to 
discoloration and embrittlement on ageing and heating. 

These polyvinyl chloride resin catpositicafis can be backed 
with polyurethane foam in any desired thickness, simply by intro- 
ducing a sheet of the polyvinyl chloride resin composition (after 
mixing with a stabilizer and sheeting off, as described above) to- 
gether with polyol and polyisocyanate in a mold. The polyvinyl 
chloride resin sheet backed with polyurethane foam is obtained 
after curing. 

Polyurethane foams are well known materials, and polyvinyl 
chloride resin compositions backed with rxrtyurethane foams are also 
well known, and are prepared by conventional procedures. 

Polyurethane foams are prepared by reactions of a polyol 
with a polyisocyanate, usually in the presence of a foaming agent, 
such as water or trichloro f luorcmethane. 

Polyols to prepare polyurethane foam include polyether 
polyols and polyester polyols. Examples of polyether polyols are 
glycols such as poly(oxypropylene) glycol*, polyCoxyethylene/oxypro- 
pylene) glycol, poly ( oxytetramethy lene ) glycol, poly(oxyethylene) ■ 
glycol and triols such as poly(pxyethylene) and/or oxypropylene) 
triols (examples of triols are glycerine, trimethylol propane and 
trimethylol ethane). 

Polyester polyols are prepared by reactions of dibasic 
carboxylic acids (adipic acid, phthalic acid, maleic acid, etc. ) 
with polyols (ethyleneglycol, propyl eneglycol, butyleneglycol , di- 
ethyleneglycol, trimethylol propane, glycerine, hexanetriol, penta- 
erythritol, etc.) and have terminal hydroxyl groups. 

Tne polyisocyanates include 2,4-tolylene diisocyanate, 4,4'- 
diphenylmethane diisocyanate, hexamethylene diisocyanate, xylylene 
diisocyanate, 1,5-naphthalene diisocyanate, isophorone diisocyanate 
and tr ipheny lmethane diisocyanate. 
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Water is normally used as the foaming agent, and when 
the polyol contains a sufficient amount of water, then addition 
of water is not necessary. 

The curing temperature is selected f rem a wide range 
usually frcm 20 to about 200°C, and the curing time depends on 
curing temperature. The higher the curing tenperature, the shorter 
the curing time needed. Frcm 1 to 60 minutes curing time is suffi- 
cient. 

Adhesion of the polyvinyl chlorine resin sheet to poly- 
urethane foam can be obtained without any treatment. The sheet is 
set at the bottom of the mold and the polyol/isocyanate is at the 
top of the mold. Curing then results in the polyurethane resin foam- 
backed sheet. 

The following Examples represent preferred embodiments of 
polyvinyl chloride resin compositions in accordance with the in- 



vention. 

Examples 1 to 7 

Ingredient Parts by Weight 

Polyvinyl chloride homopolymer (P=1000) 100 
Di(C 9 _ n H 19 _ 23) phthalate 

Calcium carbonate 10 
Epoxidized soybean oil 2 
Ba stearate 1 
Zn laurate 0.5 
Stabilizer as shown in Table I 



The compositions were thoroughly blended on a two-roll mill r 
and then compression-molded to form sheets 1 mm thick. These sheets 
were placed in a metal mold, and polyol and polyisocyanate introduced 
to prepare a polyurethane facm layer 10 mm thick. The polyol was a 
mixture of 90 parts by weight of the adduct of glycerine with hexylene- 
oxide/propyleneoxide /poly ( oxyethylene/oxypropylene ) glycer ine7 having a 
molecular weight 2000 and 10 parts by weight of tetrahydroxypropyl 
ethyl enediamine. The isocyanate was 42 parts by weight of diphenyl- 
methane di isocyanate. ttie foaming agent was 1.3. parts by weight of 
water, and 0.9 part by weight of triethylenediamine was used as a 
catalyst. 
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This mixture was placed in the mold and cured at 40-45°C 
for 20 minutes. 

: The polyvinyl chloride sheets backed with polyure thane foam 
were obtained after curing. Test pieces were cut off from the sheets 
and heated at 120°C in a Geer oven. The test pieces were exposed to 
ultraviolet light in a carbon arc Fade-OMeter at 83°C. The color of 
the test pieces after exposure to heat and light was rated on the 
following scale: 

Color Scale Color 

1 " Colorless 

2 Pale yellow tint 

3 Pale yellow 

4 Pale to light yellow 

5 Light yellow 

6 Light to medium yellow 

Medium yellow 

8 Dark yellow 

9 Yellow and black 

10 Black 
The results are shown in Table I. 
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The superiority of the stabilizer combinations of the 

invention when compared to either perchlorate or 2, 2, 6, 6- 

tetramethyl piperidyl compound alone is apparent from the data. 

Examples 8 to 14 

5 Ingredient Parts by Weight 

Polyvinyl chloride homopohrmer 

(P= 1000) 100 

Di «yu H r*-a3 phthalate 50 
Calcium carbonate i0 

10 Epazidized soybean oil 2 
Ba stearate 1 
Zn laurate 0.5 
Stabilizer as shown in Table II 

The compositions were thoroughly blended on a two-roll 

15 mill and then compression-molded to form sheets 1 mm thick. 
Test pieces were cut off from the sheets and heated at 120V in 
a Geer oven. The test pieces were exposed to ultraviolet light 
in a carbon arc Fade-O-Meter at 83*0. The color of the test 
pieces was rated, and the results are shown in Table n. 
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The superiority of the stabilizer combinations of the 
invention when compared to either perchlorate or 2, 2, 6, 6- 
tetram ethyl piperidyl compound alone is apparent from the data. 

Examples 15 t o 21 
5 Polyvinyl chloride resin compositions were prepared 

according to the following formulation: 

^edjent_ Parts by W eight_ 

Polyvinyl chloride homopolymer 

(paste resin: P= 1500) * 100 

10 TrUC^ ) trimellitate 60 

Calcium carbonate 15 

Epoxidized linseed oil 4 

M 50.1 A1 0.3 (0H) 2 (0O 3 ) 0.15 * °' 54 H 2° 
(Hydrotalcite DOT 4A:Kyowa Chemical) 

Ba/Zn 2 -ethyl hexoate liquid stabilizer 2 

15 Blue pigment (ultramarine blue) 4 
Sabilizer as shown in Table HI 

The ingredients were thoroughly blended to prepare a paste 
sol. The sol was heat coated on a ferrous plate and heated at 200t 
for 5 minutes to prepare sheets l mm thick. These sheets were 

20 placed in a metal mold and polyol and polyisocyanate introduced 
to prepare a polyurethane foam layer 10 mm thick. The polyvinyl 
chloride resin sheet backed with polyurethane foam were obtained 
after curing. Test pieces were cut off from the sheets and heated 
at 120°C in a Geer oven. The test pieces were exposed to 

25 ultraviolet light in a carbon arc Fade O-Meter at The color 

of the test pieces was rated and the results are shown in Table ITI. 
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The superiority of the stabilizer combinations of the 
invention when compared to either perchlorate or 2,2, 6, 6- 
tetramethyl piperidyl compound alone is apparent from the data. 

Examples 22 to 26 

Polyvinyl chloride resin compositions were prepared 



according to the following f ormulatton: 

Ingredient P arts by Weight 

Potyvinyl chloride homopolymer 

(paste resin: P= 1500) joO 

Trioctyltrimellitate 50 

Calcium carbonate 15 

Blue pigment 2 

Epoxidized linseed oil 4 

Hydrotalcite (DHT-4A:Kyowa Chemical) 0.5 

Ba/Zn 2-ethyIhexcate liquid stabilizer 1.5 

Tetra(tridecyl)Bisphenol-A disphosphite 0.5 

Stabilizer as shown in Table IV 



The ingredients were thoroughly blended to prepare a paste 
sol. The sol was hand coated on a ferrous plate, and heated at 
200TC for 5 minutes to prepare sheets 1 mm chick. These sheets 
were placed in a metal mold, and polyol and pofylsocyanate 
introduced to prepare a pofyurethane foam layer 10 mm thick. The 
polyvinyl chloride resin sheet backed with polyurethane foam was 
obtained after curing. Test pieces were cut off from the sheets and 
heated at 120<C in a Geer oven. The test pieces were exposed to 
ultraviolet light in a carbon arc Pade-O-Meter at 83^. The color 
of the test pieces was rated as shown in Table IV. 
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The superiority of the stabilizer combinations- erf the 
invention when compared to either perchlorate or 2, 2, 6, 6- 
te tram ethyl piperidyl compound alone is apparent from the data. 

Examples 27 to 31 

Polyvinyl chloride resin compositions were prepared 



according to the following formulation: 

I ngredient Parts by Weight 

Polyvinyl chloride homopolymer 

(P= 1000) 90 

10 P oly vinyl chloride horn qpoly mer 

(paste resin: P= 800) 10 

Tr i(C v ^ 1<v ) trimellltate 60 

Zeolite 4A 3 

Titanium dioxide 5 

15 Epaxidized soybean oil 5 

Zn stearate 0.5 

T etra(tridecy l)Bisphenol-A diphosphite 0. 5 

Stabilizer as shown in Table V 



The ingredients were thoroughly blended in a Henschel 
20 mixer to prepare powder compounds. The powder compounds 
were spread on a ferrous plate and heated at 200^ for 5 minutes 
to prepare sheets 1 mm thick. The sheets were placed in a metal 
mold, and polyol and poly isocyanate introduced into the mold to 
prepare a potyurethane foam layer 10 mm thick. The polyvinyl 
25 chloride sheets backed with polyurethane foam ware obtained after 
curing. The test pieces were cut off from the sheets and heated at 
120^ in a Goer even. The test pieces were exposed to ultraviolet 
light in a carbon arc Fade -O -Meter at 83^. The color o! the 
test pieces was rated as shown in Table V. 
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The superiority c£ the stabilizer combinations of the 
invention when compared to either perchlorate or 2, 2, 6, 6- 
tetramethyl piperidyl compound alone is apparent from the data. 

Examples 32 to 37 

Polyvinyl chloride resbi compositions were prepared 



according to the following formulation: 

fogredient Parts by Weight 

Polyvinyl chloride homppofymer 

(P- 1100) 100 

10 Tri(C v( ^ H tt ^) trimellitate 60 

Titanium dioxide 5 

Epaxidized scybean oil 5 

Ba/Cd. laurate 2.5 

Tetra(tridecyl)-4, 4 t -butylidenebis{2-t- 
15 butyl-5-methylphenyl)dii*osphite 0.5 

Stabilizer as shown in Table VI 



The ingredients were thoroughly blended in a Henschel mixer 
to prepare powder compounds. The powder compounds were spread 
on a ferrous plate and heated at 200t; for 5 minutes to prepare 

20 sheets 1 mm thick. The sheets were placed in a metal mold, and 
polyol and polyisocyanate introduced into the mold to prepare a 
polyurelfcane foam layer 10 mm thick. The polyvinyl chloride sheets 
backed with potyurethane foam were Obtained after curing. The -test 
pieces were cut <£f from the sheets and heated at 120^ in a Geer oven. 

25 The test pieces were exposed to ultraviolet light in a carbon arc R*de- 
O-Meter at 83^ . The color of the test pieces was rated as shown 
in Table VL 
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The superiority of the stabilizer combinations of the 
invention when compared to either perchlorate or 2, 2, 6, 6- 
tetramethyl piperidyl compound alone is apparent from the data. 
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CLAIMS : 

1. A polyvinyl chloride resin stabilizer composition 
capable of improving the resistance to deterioration of 
polyvinyl chloride resins when exposed to light and heat, 
comprising a 2 , 2 , 6 , 6-tetramethyl piperidinyl compound and 
an ammonium or metal perchlorate. 

2. A polyvinyl chloride resin stabilizer composition 
according to claim 1, in which the metal perchlorate is an 
alkaline earth metal perchlorate. 

3. A polyvinyl chloride resin stabilizer composition 
according to one or both of claims 1-2, in which the 2,2,6,6- 
tetramethyl piperidinyl compound is bis ( 2 , 2 , 6 , 6-tetramethyl- 
4-piperidyl) sebacate. 

4. A polyvinyl chloride resin stabilizer composition 
according to one or both of claims 1-2, in which the 2,2,6,6- 
tetramethyl piperidinyl compound is tetra{2,2,6,6-tetramethyl- 
4-piperidy 1 ) -1 , 2 , 3 , 4-butanetetracarboxylate . 

5. A polyvinyl chloride resin stabilizer composition 
according to one or both of claims 1-2, in which the 2,2,6,6- 
tetramethyl piperidinyl compound is bis ( 1 , 2 , 2 , 6 , 6-penta- 
methyl-4-piperidyl ) -di- ( isotridecyl )-l , 2, 3 , 4-butanetetra- 
carboxylate. 

6. A polyvinyl chloride resin stabilizer composition 
according to one or both of claims 1-2, in which the 2,2,6,6- 
tetramethyl piperidinyl compound is bis (2,2,6, 6^tetramethyl- 
4-piperidyl ) -di- ( isotridecyl ) -1 , 2 , 3 , 4-butanetetracarboxylate. 

7. A polyvinyl chloride resin stabilizer composition 
according to one or both of claims 1-2, in which the 2,2,6,6- 
tetramethyl piperidinyl compound is 3 , 9-bis( 1 , lrdimethyl-2- 

( tris (1,2,2,6, 6-pentamethyl-4-piperidyloxycarbonyl ) butyl- 
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carbonyloxy) ethyl ) 2 , 4 , 8, 10-tetraoxaspiro/5 . 5/ undecane . 

8. A polyvinyl chloride resin stabilizer composition 
according to one or both of claims 1-2, in which the 2,2,6,6- 
tetramethyl piperidinyl compound is 3,9-bis(l,l-dimethyl-2- 

( tris ( 2 , 2 , 6 , 6-tetramethy 1-4-piperidyloxycarbonyl ) butyl - 
carbonyloxy ) ethyl ) - 2 , 4 , 8 , 1 0-tetraoxaspiro/5 . 57 undecane. 

9. A polyvinyl chloride resin stabilizer composition 
according to one or more of the claims 1-8, comprising in 
addition a phenolic antioxidant, an organic phosphite, an 
organotin compound, a thioether, or a polyvalent metal salt 
of organic acid. 

10. A polyvinyl chloride resin composition having 
improved resistance to deterioration when exposed to heat 
and light comprising a polyvinyl chloride resin and a 
stabilizer composition according to one or more of the 
claims 1-9 . "~ " 

11. A polyvinyl chloride resin composition accord- 
ing to claim 10, backed with a polyurethane resin foam. 
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